Hyperoxic exposure can disrupt alveolarization by inhibiting cell growth; however, it is not fully understood how this is mediated. The transcription factor CCAAT/enhancer binding protein-␣ (C/EBP␣) is highly expressed in the lung and plays a role in cell proliferation and differentiation in many tissues. After 72 h of hyperoxia, C/EBP␣ expression was significantly enhanced in the lungs of newborn mice. The increased C/EBP␣ protein was predominantly located in alveolar type II cells. Silencing of C/EBP␣ with a transpulmonary injection of C/EBP␣ small interfering RNA (siRNA) prior to hyperoxic exposure reduced expression of markers of type I cell and differentiation typically observed after hyperoxia but did not rescue the altered lung morphology at 72 h. Nevertheless, when C/EBP␣ hyperoxia-exposed siRNA-injected mice were allowed to recover for 2 wk in room air, lung epithelial cell proliferation was increased and lung morphology was restored compared with hyperoxia-exposed control siRNAinjected mice. These data suggest that C/EBP␣ is an important regulator of postnatal alveolar epithelial cell proliferation and differentiation during injury and repair.
The transcription factor CCAAT/enhancer binding protein (C/EBP) family consists of six isoforms. C/EBP␣ is highly expressed in the lung (6) and plays a role in cell proliferation and differentiation in various tissues (17, 18) , as do C/EBP␤ and C/EBP␦. Given that the newborn lung proliferates and differentiates rapidly, we hypothesized that C/EBP␣ regulates neonatal lung cell proliferation in hyperoxia and during recovery.
Here, we demonstrate that C/EBP␣ expression was enhanced in lungs of newborn mice after 72 h of hyperoxia. The increased C/EBP␣ protein was predominantly localized to alveolar type II cells, where altered proliferation was observed. Silencing of C/EBP␣ with a single injection of C/EBP␣ small interfering RNA (siRNA) prior to exposure did not rescue the altered lung morphology after 72 h of hyperoxia but restored lung morphology after 2 wk of room air recovery by enhancing lung epithelial cell proliferation.
MATERIALS AND METHODS
Animal models and hyperoxic exposures. Pregnant C57BL/6 female mice at gestational day 18 were purchased from Charles River Laboratories. The mice were kept in a 12:12-h light-dark cycle and allowed access to food and water ad libitum until the time of experimentation. Litters of neonatal (Ͻ12-h-old) pups, along with their mothers, were randomly assigned to 21% oxygen or room air or 95% oxygen. Hyperoxic exposure was conducted in an A-chamber (BioSpherix, Redfield, NY), which allows for continuous monitoring and regulation of oxygen and carbon dioxide. Ambient carbon dioxide was maintained at Ͻ1,500 ppm by adjustment of the chamber's ventilation. The dams were switched every 24 h between room air and hyperoxia to avoid injury. All procedures were reviewed and approved by the Animal Fair and Care Community of the Children's Hospital of Philadelphia.
Construction of siRNA. A 19-nucleotide RNA fragment, CGAC-GAGUUCCUGGCCGAC (15) , targeting mouse C/EBP␣ gene transcription was synthesized in a siSTABLE format to enhance stability of the siRNA (Dharmacon, Chicago, IL). Stock concentration was made at 1 g/l in RNase-free water and kept in aliquots at Ϫ20°C until use. A control siRNA was prepared using siGENOME Non-Targeting Pool #1 (Dharmacon) and stored as described above. The Non-Targeting siRNA Pool consisted of #1-4 individual RNAs, which were characterized by genome-wide microarray analysis and found to have minimal off-target signatures. For testing efficiency of the transpulmonary delivery and stability of the delivered siRNA, a positive control siRNA, siGLOcyclophilin B (siGLO), conjugated with a fluorophore Cy3 (Thermo Scientific Dharmacon), was purchased and prepared as described above for the C/EBP␣ siRNA.
Intrapulmonary delivery. To increase the efficiency of delivery, aliquots of the C/EBP␣ siRNA, control siRNA, or siGLO were dissolved in saline and mixed with Lipofectamine 2000 at room temperature for 1 h. A 30-l (3 mg/kg body wt) aliquot of the mixture was injected into the left axilla of the neonatal mouse at the third intercostal space via a 1-ml insulin syringe, as described previously, resulting in intrapulmonary delivery (20) . The mice were returned to their mothers and kept in room air for 16 h prior to hyperoxic exposure. The mice received only a single dose of the injected siRNA during the exposure.
Lung morphometric evaluation: radial alveolar counts. The lungs were inflated to a constant pressure of 25 cmH 2O with 4% paraformaldehyde in PBS and immersed in the same fixative for 24 h. Respiratory bronchioles were identified by the presence of epithelial lining in one part of the wall. A perpendicular line was drawn from the center of the respiratory bronchiole to the distal acinus (the pleura or the nearest connective tissue septum). A minimum of 40 lines were drawn on a magnified image of each lung section, and the number of septae intersected by each line was counted (7, 8) .
Immunohistochemistry. For visualization of C/EBP␣ protein expression in the lung, 5-m paraffin-embedded tissue sections were incubated with a 1:100 dilution of polyclonal anti-C/EBP␣ (14AA, sc-61, Santa Cruz Biotechnology, Santa Cruz, CA) specific to the C/EBP␣ isoform overnight and then with a 1:500 dilution of antirabbit IgG (Alexa Fluor 488, A11008, Invitrogen, Carlsbad, CA) for 1 h. Subsequently, sections were costained with a monoclonal antibody for the type II cell marker ATP-binding cassette subfamily A member 3 (ABCA3; WMAB-ABCA3-13, Seven Hills Bioreagents, Cincinnati, OH) at a 1:100 dilution overnight and a 1:500 dilution of anti-mouse IgG (Alexa Fluor 594, A11005, Invitrogen) for 1 h. Additionally, sections for evaluation of proliferating cell nuclear antigen (PCNA) by costaining of the type II cell marker pro-SP-C were prepared similarly. Specific antibodies were a 1:100 dilution of a monoclonal anti-PCNA (PC10, sc-56, Santa Cruz) and a 1:100 dilution of a polyclonal anti-pro-SP-C serum (AB3786, Millipore, Temecula, CA). After tissues were immunostained, sections were mounted with a drop of mounting medium containing 4=,6-diamidino-2-phenylindole (DAPI; Vector Laboratories, Burlingame, CA) and visualized with a fluorescence microscope (model IX70, Olympus America, Center Valley, PA). Images were captured with a digital camera (model C4742-95, Hamamatsu).
Quantitative immunohistochemistry for type II cell proliferation. For quantification of proliferating type II cells, images of random fields of terminal alveolar regions were acquired with the fluorescence microscope. Ten fields per lung were obtained from three separate mice in each group. For counting PCNA or pro-SP-C-positive cells, regions for DAPI fluorescence-positive cells were randomly selected to obviate bias toward signals generated with secondary antibodies. Images were digitally merged to identify dual-positive cells. Quantification was achieved with Metamorph software (MetaMorph Imaging System, Universal Imaging, West Chester, PA). Briefly, the ratios of pro-SP-C to DAPI, PCNA to DAPI, and PCNA to pro-SP-C were obtained from each field, and the average of 10 fields per animal was graphed.
Evaluation of protein levels in lung homogenates. Lungs were flushed with PBS to exclude red blood cells and frozen in liquid nitrogen. To obviate the difference in protein or mRNA levels due to injection variability, the entire injected lung was quickly pulverized in liquid nitrogen and mixed with 50 l of PBS. An aliquot was taken for Western analysis, and the remaining lung homogenates were dissolved in TRIzol reagent for mRNA extraction. Western analysis was performed to evaluate protein levels for markers of cell proliferation, type II and type I cells, and vascular endothelial cells. The procedure is described elsewhere (22) . The antibodies and dilutions were as follows: a 1:1,000 dilution of polyclonal anti-C/EBP␣ (14AA, sc-61) for C/EBP␣, a 1:1,000 dilution of hamster anti-T1␣ (clone 8.1.1, Iowa Hybridoma Bank, Iowa City, IA) for the marker of type I cells (T1␣), a 1:1,000 dilution of polyclonal anti-pro-SP-B or anti-pro-SP-C serum (Ab 3780 or Ab 3786, Millipore) for pro-SP-B or pro-SP-C, a 1:1,000 dilution of monoclonal anti-PCNA (PC10, sc-56) for PCNA, a 1:800 dilution of polyclonal anti-p21 (C-19, sc-397) for p21, a 1:200 dilution of goat anti-PECAM-1 (M-20, sc-1,506) for platelet/endothelial cell adhesion molecule-1 (PECAM-1), a 1:10,000 dilution of polyclonal anti-caveolin-1 (N20, sc-894) for caveolin-1, a 1:20,000 dilution of polyclonal anti-calnexin (SPA-860, Stressgen, Victoria, BC, Canada) for calnexin, and a 1:10,000 dilution of monoclonal anti-GAPDH (MAb 374, Millipore) for GAPDH.
Quantitative real-time PCR. Steady-state mRNA levels were evaluated by quantitative real-time PCR using the TaqMan gene expression system (Applied Biosystems). Briefly, total lung RNA was extracted with TRIzol reagent (Invitrogen). First-strand cDNA was synthesized with SuperScript II reverse transcriptase (Invitrogen) and random primers. Gene-specific mRNA levels were determined using TaqMan gene expression assays (each primer at 900 nM and probe at 250 nM; Applied Biosystems) designed over exon-to-exon boundaries. Specific primers for each gene are listed in Table 1 . All reactions were performed in 384-well plates with a final volume of 10 l. Real-time PCR plates were analyzed using the Prism 7900HT sequence detection system with Prism SDS2.1 software (Applied Biosystems). Relative quantitation was achieved by normalization to the value of 18S mRNA using the cycle threshold (⌬⌬CT) method.
Statistical analysis. For comparison between treatment groups, the null hypothesis that there is no difference between treatment means was tested by a single-factor ANOVA for multiple groups or unpaired t-test for two groups (InStat 3, GraphPad Software). Statistical significance (P Ͻ 0.05, P Ͻ 0.01, or P Ͻ 0.001) between and within groups was determined by Tukey's method of multiple comparisons.
RESULTS

Hyperoxia induces C/EBP␣ expression in neonatal mouse
lung. Levels of C/EBP␣ mRNA were increased threefold in neonatal mouse lung exposed to 72 h of hyperoxia as measured by quantitative real-time PCR (Fig. 1A) . Protein levels of C/EBP␣ were increased twofold in lung homogenates as determined by Western analysis (Fig. 1B) . The induced C/EBP␣ appeared to be selective only in the lung, as liver and thymus homogenates did not show increased C/EBP␣ protein in the hyperoxia-exposed animal (data not shown). This induction was not observed in similarly exposed adult animals (data not shown).
Hyperoxia-induced C/EBP␣ protein is preferentially localized in lung alveolar type II cells.
To understand which lung cells expressed C/EBP␣, immunofluorescent staining of paraffin-embedded lung tissue slides was performed. Enhanced staining of alveolar epithelial cells was observed with antibodies against C/EBP␣ in room air and further increased in hyperoxia (Fig. 1C) . When the lung slides were costained with ABCA3, a type II cell-specific marker, C/EBP␣ expression was predominantly observed in type II cells (Fig. 1C , overlay). These data suggest that hyperoxia-induced C/EBP␣ may play a specific role in lung alveolar type II cells.
Intrapulmonary delivery of C/EBP␣ siRNA decreases C/EBP␣ protein for up to 72 h postinjection.
Because of the small size of the newborn mouse pups, we encountered significant difficulties when administering small volumes of siRNA via intranasal inhalation, and in preliminary experiments, we could not demonstrate inhibition of C/EBP␣ in the neonatal mouse lung with this method (data not shown). We therefore chose an intrapulmonary injection method to deliver the C/EBP␣ siRNA (20) . Stability of the injected siRNA was evaluated by injection of a Cy3-labeled control siRNA (siGLO), and fluorescent signals were monitored at 24 and 72 h after injections. The siRNA signal was visible in the injected lung and was above the level in the noninjected lung (background signal) at 24 h postinjection. This elevated level persisted for 72 h ( Fig. 2A) , indicating that the delivered siRNA was stable for at least that period. The inhibitory effect of the delivered siRNA was assessed quantitatively by Western analysis with densitometry. Injection of C/EBP␣ siRNA into the neonatal mouse lung resulted in a twofold decrease in C/EBP␣ protein levels 24 h postinjection that was sustained for up to 72 h (Fig.  2, B and C) .
Intrapulmonary delivery of C/EBP␣ siRNA does not rescue disrupted lung architecture. After 72 h of hyperoxia, C/EBP␣ protein levels were reduced by 50% in the C/EBP␣ siRNAinjected lungs compared with similarly exposed control siRNA-injected lungs (Fig. 3A) . The increased C/EBP␣ protein level in the right lung (without injection) of the same animal remained high (data not shown), indicating that the injected siRNA only had a localized effect and was able to reduce C/EBP␣ protein to the basal level throughout the 72-h exposure.
Despite evidence of simplified alveolar septae in both injected groups exposed to hyperoxia, there were no obvious changes in lung morphology between the C/EBP␣ siRNA-and the control siRNA-injected lungs exposed to room air or hyperoxia for 72 h (Fig. 3B) . To corroborate this finding, radial alveolar counts (RACs) as a measure of disrupted alveolarization were significantly reduced in C/EBP␣ siRNA-and control siRNA-injected groups exposed to hyperoxia for 72 h (Fig.  3C) ; however, injection of C/EBP␣ siRNA did not correct the RAC (Fig. 3C) .
Silencing C/EBP␣ reduces hyperoxia-induced markers of differentiation and of type I cells. To understand whether hyperoxia induced C/EBP␣-modified type II cell development and affected differentiation of type II to type I cells, we evaluated mRNA levels for markers that were specific for development and differentiation of type II cells, as well as others that are specific for type II and type I cells. Thyroid transcription factor 1 (TTF1), a key transcription factor in type II cell development, did not increase in hyperoxia (Fig. 4A) , consistent with a previous report (14) . Furthermore, C/EBP␣ siRNA injection did not change TTF1 mRNA levels in hyperoxia. However, another important regulator of type II cell maturation, hepatocyte nuclear factor-3␤ (FoxA2), was significantly increased in hyperoxia and was reversed by C/EBP␣ siRNA (Fig. 4A) . Myelocytomatosis oncogene (myc) and transforming growth factor ␤1 (TGF␤), general markers of cell differentiation, were increased in hyperoxia and reversed by injection of C/EBP␣ siRNA (Fig. 4D) . In addition, SP-B, a known type II cell marker, increased in hyperoxia but was not altered by C/EBP␣ siRNA (Fig. 4B) . However, type I cell markers, aquaporin 5 and T1␣, were increased in hyperoxia and reversed by C/EBP␣ siRNA (Fig. 4C) . Overall, these data indicate that hyperoxia-induced C/EBP␣ regulates alveolar cell differentiation, as well as expression of type I, but not type II, cell markers.
Despite differences in mRNA levels for the various markers, it was important to determine whether protein levels of type II and type I cell markers were equally modulated after injection with C/EBP␣ siRNA in hyperoxia. Therefore, SP-B (pro-SP-B), SP-C (pro-SP-C), and T1␣ levels were evaluated in lung homogenates by Western analysis. After 72 h of hyperoxia, there were no changes in pro-SP-B or pro-SP-C proteins (Fig.  4E) . However, T1␣ protein levels were significantly increased (Fig. 4E) . Injection of C/EBP␣ siRNA prior to hyperoxia did not reduce pro-SP-B and pro-SP-C protein levels but attenuated T1␣ protein levels, in a reciprocal manner to the hyperoxia-induced increase (Fig. 4E) .
C/EBP␣ does not regulate lung epithelial cell proliferation after 72 h of hyperoxia. There were no changes in levels of PCNA protein, a general marker for cell proliferation, with hyperoxia or C/EBP␣ siRNA delivery (Fig. 4E) , suggesting that, despite its effect on epithelial differentiation and type II and type I cell protein levels, C/EBP␣ siRNA does not alter lung overall cell proliferation.
Injection of C/EBP␣ siRNA prior to hyperoxia followed by 2 wk of room air recovery partially rescued disrupted lung architecture and reduced RAC. Although C/EBP␣ siRNA did not improve hyperoxia-induced disruption of lung architecture at 72 h, its effects on markers of cell differentiation and lung epithelial cells suggest that C/EBP␣ siRNA might influence lung epithelial cell growth and alveolarization during repair. To this extent, we assigned neonatal pups to four groups: 1) injection with one dose of control siRNA 16 h prior to a 72-h air exposure followed by room air recovery for up to 2 wk (control siRNA air/air), 2) room air recovery as in group 1 and injection with C/EBP␣ siRNA 16 h prior to a 72-h air exposure (C/EBP␣ siRNA air/air), 3) room air recovery as in group 1 and injection with control siRNA 16 h prior to 72 h of hyperoxia (control siRNA O 2 /air), and 4) room air recovery as in group 1 and injection with C/EBP␣ siRNA 16 h prior to 72 h of hyperoxia (C/EBP␣ siRNA O 2 /air). After recovery, C/EBP␣ mRNA levels were lower in the C/EBP␣ siRNA air/air and C/EBP␣ siRNA O 2 /air groups; it is unclear why C/EBP␣ mRNA was also decreased in the control siRNA O 2 /air group (Fig. 5A) . Perhaps there was an inhibitory response to the initial C/EBP␣ induction during room air recovery. This has not been explored in detail. Interestingly, the disrupted lung architecture and loss of RAC after 72 h of hyperoxia worsened after 2 wk of room air recovery (Fig. 5 , B and C), while C/EBP␣ siRNA improved lung architecture and partially restored RAC loss (Fig. 5, B and C) .
Markers for overall cell differentiation and for specific type II and type I cells remain low in C/EBP␣ siRNA-injected lungs following recovery.
To understand whether the effects of C/EBP␣ siRNA on alveolar cell development and differentiation were sustained after room air recovery, we evaluated differentiation markers and type I and II markers as described above. After room air recovery, the hyperoxia-induced decreases in mRNA levels of the cell differentiation markers myc and TGF␤ and the type I cell markers aquaporin 5 and T1␣ were further diminished (Fig. 6, B and D) . Interestingly, markers for type II cell development, TTF1 and FoxA2, and markers specific for type II cells, pro-SP-B and pro-SP-C, were decreased in the control siRNA O 2 /air group compared with the control siRNA air/air group (Fig. 6, A and C) , suggesting that hyperoxia disrupts type II cell development and differentiation during recovery. Paradoxically, C/EBP␣ siRNA further decreased mRNA levels of TGF␤, pro-SP-C, and T1␣ (Fig. 6 , B-D) with room air recovery.
Surprisingly, changes in pro-SP-C and T1␣ mRNA did not correspond to changes in protein levels. In fact, pro-SP-C and T1␣ protein levels were increased in the C/EBP␣ siRNA O 2 /air group compared with the control siRNA O 2 /air group (Fig. 6 , E and F) in a reverse of the mRNA levels (Fig. 6, C and D) . To confirm these results, additional markers for type II cells, pro-SP-B, and for type I cells, caveolin-1, were evaluated. Both markers were similarly increased, as with pro-SP-C and T1␣, respectively (Fig. 6E) .
C/EBP␣ siRNA increases PCNA, a marker of cell proliferation, and decreases cyclin-dependent kinase inhibitor p21 in recovery. Protein levels of the cell proliferation marker PCNA were enhanced and the cell cycle inhibitor protein p21 was decreased in the C/EBP␣ siRNA O 2 /air group (Fig. 6G) , suggesting that C/EBP␣ siRNA improves overall cell proliferation after recovery from hyperoxia, in contrast to 72 h of hyperoxia alone.
C/EBP␣ siRNA increases PECAM-1, a marker of vascularization. To understand whether C/EBP␣ siRNA altered lung vasculature, protein levels of PECAM-1 were evaluated. PECAM-1 protein levels were increased in the C/EBP␣ siRNA O 2 /air group compared with the siRNA O 2 /air controls (Fig. 6G) . Additionally, protein levels of caveolin-1, another endothelial cell and type I cell marker (Fig. 6E) , were increased in this group, suggesting improved vasculature with C/EBP␣ siRNA in recovery.
C/EBP␣ siRNA reverses loss of type II cells and gain of proliferating type II cells in alveolar epithelia after room air recovery.
A previous study showed that hyperoxia reduced the number of total type II cells yet increased proliferating type II cells in neonatal mice allowed to recover in room air for 2 wk (24) . To understand whether hyperoxia-induced C/EBP␣ was responsible for these effects, pro-SP-C-positive cells and cells that were positive for both pro-SP-C and PCNA were counted in lung slices (Fig. 7A ). There was a significant decrease in the number of type II cells (Fig. 7B) but an increase in PCNApositive type II cells (Fig. 7C) in the control siRNA O 2 /air group, in agreement with the literature (24) . Both effects were reversed in the C/EBP␣ siRNA O 2 /air group (Fig. 7, B and C) . We therefore wanted to know whether the decreased proliferating type II cells merely reflected an overall decrease in alveolar cell proliferation. PCNA-positive cells were counted and normalized to DAPI-positive cells. Despite decreased PCNA-positive cells in the C/EBP␣ siRNA air/air group, there was no difference in PCNA-positive cells in the control siRNA-injected groups with or without hyperoxia (Fig. 7D) , suggesting that the decreased proliferation observed with C/EBP␣ siRNA injection was specific to type II cells.
DISCUSSION
We demonstrated that hyperoxia increases C/EBP␣ mRNA and protein expression in the newborn lung and thereby impacts the development of epithelial type II cells, a major target for hyperoxic injury in the developing lung (24) . We showed that increased C/EBP␣ expression in hyperoxia parallels the disrupted lung architecture and decreased radial alveolar counts and that these changes persist and even worsen after 2 wk of recovery in room air. Inhibition of the induced C/EBP␣ in hyperoxia improved lung architecture and partially rescued RAC loss after recovery, indicating that C/EBP␣ plays a crucial role in the regulation of alveolar formation in the neonate. Additionally, C/EBP␣ siRNA enhanced type II cell numbers and dampened type II cell hyperproliferation in recovery, which suggests that C/EBP␣ controls type II cell differentiation in hyperoxia and during recovery.
Postnatal lung development involves a series of coordinated events, including active cell proliferation and differentiation, to promote proper alveolar formation. A primary effect of hyperoxia is inhibition of cell proliferation. In the rat, numbers of the four predominant lung cell types (fibroblasts, endothelial cells, type I cells, and type II cells) are highest on postnatal day 10. Specific type II cell proliferation peaks at 7 days of life and decreases to adult levels after 14 days (9). This is when septal crest outgrowth occurs (9), leading to a mature lung architecture. In preliminary studies, it was observed that the expression pattern of C/EBP␣ mRNA is reciprocal to proliferation of type II cells during normal postnatal lung development (G. Yang, personal communication), which corroborates its antiproliferative role in this cell type. In hyperoxia, C/EBP␣ protein levels were predominantly induced in the type II cells. We suspect that overexpression of C/EBP␣ results in disruption of normal type II cell proliferation, leading to the simplified lung architecture observed in hyperoxia.
In a conditional knockout mouse model where C/EBP␣ was deleted specifically in the lung, animals had hyperproliferating type II cells without lamellar body synthesis and no type I cell formation (3, 10) . This established an essential role for C/EBP␣ as a master regulator of type II cell proliferation and differentiation during normal lung development. Adult mice with disruption of C/EBP␣ were more susceptible to hyperoxic exposure (21) . The effects of C/EBP␣ in the neonatal lung after hyperoxia had not been studied previously. Our observation that hyperoxia-induced C/EBP␣ resulted in decreased abundance of type II cells with air recovery in neonates supports the role for C/EBP␣ in regulating type II cell proliferation during injury and repair in the neonates. The difference in responses between adults and newborns exposed to hyperoxia, when C/EBP␣ is silenced or disrupted, suggests that specific tissue levels of C/EBP␣ mediate beneficial or detrimental effects. Whereas neonates, with hyperoxia-induced C/EBP␣, benefit from reduction of this level to baseline, adults, without hyperoxia-induced C/EBP␣, may be harmed by complete disruption of this protein.
It seems counterintuitive that the total number of type II cells was reduced after hyperoxia followed by air recovery but that these cells were actively proliferating. Perhaps hyperproliferation was a compensatory response for the overall loss of type II cells. C/EBP␣ siRNA injection appeared to reduce this hyperproliferation by increasing the number of type II cells but not by changing overall proliferating lung cells in the alveoli. Thus the increased PCNA protein levels in whole lung homogenate reflect enhancement of PCNA expression by C/EBP␣ siRNA during recovery. Although we did not measure cell death in our experiments, minimal type II cell apoptosis has been demonstrated when neonatal mice are exposed to hyperoxia followed by air recovery. Therefore, it is unlikely that the type II cells die in large numbers with hyperoxic exposure. Thus C/EBP␣ siRNA promotes type II cell proliferation in recovery.
An additional explanation for the hyperproliferating type II cells would be that type II cells are differentiating to type I cells. Because of the known challenges of counting type I cells on lung slides, the actual number of type I cells was not assessed in our study. However, T1␣ and caveolin-1 protein levels did not increase significantly in lung homogenates after recovery, negating an overall increase in type I cells in the lungs. C/EBP␣ siRNA injection significantly increased type I cell marker protein levels, suggesting that C/EBP␣ promotes overall lung epithelial cell proliferation in recovery. The pres- ervation of markers of cell differentiation, myc and TGF␤, suggests that type II cells may have differentiated to other intermediate cell types, although this needs to be further investigated. In fact, C/EBP␣ siRNA injection significantly decreased myc and TGF␤ mRNA levels in the acute phase of hyperoxic exposure, but the decrease was only seen with TGF␤ in recovery, indicating that C/EBP␣ may also affect TGF␤ signaling, which is known to be beneficial to alveolarization (12) . Whether altered type II cell proliferation and differentiation caused the impaired alveolarization seen after hyperoxia needs clarification.
We did not observe a difference in PCNA protein levels, an index of cell proliferation, in whole lung homogenates at 72 h after hyperoxia. This may be due to the fact that proliferating type II cells are in low abundance on postnatal day 3 (9) and that the many other cell types in the lung may have variable proliferation, thereby masking the specific changes in type II cell proliferation. However, this does not preclude subtle changes in levels within individual cell types or a shift in subcellular distribution without changes in absolute levels (2, 11) .
Hyperoxia alters many signaling pathways in the neonatal lung (22, 23) . Although increased C/EBP␣ protein may function as a transcription factor modulating specific lung genes, it could also directly bind to cyclin-dependent kinases to inhibit cell cycle progression via protein-protein interactions, as shown by others (18) . In fact, p21, a cell cycle inhibitor gene downstream of C/EBP␣, is upregulated in the hyperoxia-exposed neonatal lung (17) . We did not observe a significant difference in p21 protein levels in lungs at 72 h of hyperoxia (data not shown), but this protein was decreased twofold in hyperoxia-exposed C/EBP␣ siRNA-injected mice allowed to recover in room air compared with the control siRNA-injected lung after room air recovery. This could suggest that C/EBP␣-mediated p21 expression contributes to the inhibition of type II cell proliferation in hyperoxia and recovery. In summary, we have demonstrated that hyperoxia increases C/EBP␣ mRNA and protein expression in neonatal lung type II cells. This was associated with disrupted lung architecture and reduction of RAC immediately after hyperoxia and following room air recovery. Altered type II and type I cell protein makers were evident at 72 h of hyperoxia, and reduced type II cell numbers were observed, despite compensatory increases in proliferation. Inhibition of C/EBP␣ reversed these effects and improved lung morphology. We speculate that C/EBP␣ is an important regulator of postnatal type II cell proliferation in hyperoxia and, thus, modulates alveolar injury and repair in the neonate.
